(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



III 



(12) 



(43) Date of publication: 

02.01.2002 Bulletin 2002/01 

(21) Application number: 01401530.9 

(22) Date of filing: 13.06.2001 



(n) EP 1 168 014 A2 

EUROPEAN PATENT APPLICATION 

(51) IntCI. 7 : G02B6/36 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE TR 
Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 13.06.2000 US 211180 
12.03.2001 US 802905 



(71 ) Applicant: BTI Photonics Inc. 
Ottawa, Ontario K1G 6C9 (CA) 

(72) Inventor: So, Vincent, c/o BTI Photonics Inc 
Ottawa, Ontario K1G 6C9 (CA) 

(74) Representative: Blot, Philippe Robert Emile et al 
c/o Cabinet Lavoix, 2, place d'Estienne d'Orves 
75441 Paris Cedex 09 (FR) 



(54) Temperature-compensating arrangements and methods for optical fiber 



(57) A temperature-compensating package for an 
optical feature such as a fiber grating, a fiber arrange- 
ment suitable for use in such a temperature compensat- 
ing arrangement, methods of manufacture for such 
packages and arrangements, and methods of tempera- 
ture compensating an optical feature such as a fiber 
grating are provided. A precise temperature compensat- 
ing arrangement can be provided by adjusting the length 



of two sections of material for any fiber. The arrange- 
ment has a first material having a positive coefficient of 
thermal expansion and a second portion made of a sec- 
ond material having a negative coefficient of thermal ex- 
pansion, the first and second portions being arranged 
to form an end-to-end arrangement such that a selected 
combined coefficient of thermal expansion for the fiber 
holder results. 
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Description 

Field of the Invention 

[0001] The invention relates generally to optics sys- 
tems (including communications) and optical 
waveguides and more particularly to the temperature 
compensation of optical fibers and component/features 
fiber Bragg gratings. 

Background of the Invention 

[0002] Fiber Bragg gratings (FBG) have become im- 
portant components in optical communications sys- 
tems. FBG are formed by holographic exposure of pho- 
tosensitive fiber to ultraviolet light, which creates a per- 
manent refractive index grating along the core. The 
sharp reflection resonances are applied in DWDM 
(Dense Wavelength Division Multiplex) communication 
systems. These applications demand that the FBG 
wavelength does not change with temperature. Unfor- 
tunately FBG typically display variations in grating 
wavelength over temperature of about 0,01 nm/deg C, 
caused primarily by changes in the refractive index of 
the fiber, with an additional small contribution from the 
thermal expansion of the fiber. These coefficient of ther- 
mal expansions are clearly undesirable for the narrow 
channel spacings being used in DWDM systems. 
[0003] Various methods have been devised for pro- 
viding temperature independence for the FBG wave- 
length. These methods range from active systems, 
which utilize feedback to monitor and dynamically con- 
trol certain parameters, to passive devices which utilize 
the thermal characteristics of materials to control the 
sensitivity of the FBG wavelength to temperature. Pas- 
sive devices are more desirable since they are much 
simpler and require no power source. The FBG wave- 
length is determined by the index of refraction of the fiber 
and the spacing of the grating, both of which change 
with temperature. The index of refraction dominates in 
the sensitivity of wavelength to temperature. However, 
since the index of refraction is not easily controlled, pas- 
sive temperature compensation devices generally oper- 
ate by controlling the elongation with temperature of the 
optical fiber containing the FBG. This is usually accom- 
plished by clamping the fiber containing the FBG into a 
mechanical structure made of materials having differ- 
ent, positive coefficient of thermal expansions of expan- 
sion. The structure is arranged such that different rates 
of expansion between the structural members support- 
ing the fiber result in a negative elongation of the fiber 
with increasing temperature. Typically the fiber is 
stretched at low temperature and is allowed to relax as 
temperature is increased. Examples of this method are 
described in US Pat. No. 6,044,1 89 and the White paper 
"Zero-Wavelength Shift temperature Stabilized Multi- 
FBG Package" by J.J. Pan, S.X. Li, and Y. Shi in E-Tek 
Dynamics Inc. One disadvantage of the first method is 



that devices which are somewhat large may be required. 
Also, such a method may result in bending of the fiber. 
Bending may introduce undesirable effects such as 
broadening of the reflection peak, and fiber fatigue. 
5 Such frequent bending of the fibers may also cause re- 
liability issues. 

[0004] Another passive method of temperature com- 
pensation involves attaching the fiber containing the 
FBG to a material having the desired negative coeffi- 
'0 cient of thermal expansion, such as adopted by Corning 
and described in a paper presented at the 22nd Euro- 
pean Conference (1996) on Optical Communication in 
Weidman et. al. entitled "A Novel Negative Expansion 
Substrate Material for Athermalizing Fiber Bragg Grat- 
is ings". A disadvantage of this method (the single-mate- 
rial approach) is that it requires very careful control of 
the formulation of materials to obtain the desired nega- 
tive coefficient of thermal expansion of expansion. 

20 Summary of the Invention 

[0005] It is an object of the invention to obviate or mit- 
igate one or more of the above-identified disadvantag- 
es. 

25 [0006] Embodiments of the invention provide a tem- 
perature-compensating package for an optical feature 
such as a fiber grating, a fiber arrangement suitable for 
use in such a temperature compensating arrangement, 
methods of manufacture for such packages and ar- 

30 rangements, and methods of temperature compensat- 
ing an optical feature such as a fiber grating. 
[0007] Advantageously, in the fiber grating tempera- 
ture compensating package, there is no bending of the 
fiber grating. There is no stringent requirement on coef- 

35 ficient of thermal expansion of the materials involved. 
Rather, a precise match can be accomplished by adjust- 
ing the length of two sections of material for any fiber. 
This may be important since typically two batches of fib- 
er will have slightly different characteristics. 

40 [0008] According to one broad aspect, the invention 
provides a fiber holder comprising a first portion made 
of a first material having a positive coefficient of thermal 
expansion and a second portion made of a second ma- 
terial having a negative coefficient of thermal expansion, 

45 the first and second portions being arranged to form an 
end-to-end arrangement such that a selected combined 
coefficient of thermal expansion for the fiber holder re- 
sults. 

[0009] The fiber holder may be adapted to cause a 
so change in a length of fiber as a function of temperature 
which compensates for a change in index of refraction 
of the length of fiber as a function of temperature. Typ- 
ically, the fiber holder has a mechanism for imposing a 
change in a length of fiber as a function of a change in 
55 length of the fiber holder. For example, the fiber holder 
in one embodiment has a longitudinal groove in the end- 
to-end arrangement of the first and second portions for 
receiving a fiber. 
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[001 0] To hold the fiber in place, the holder may have 
two opposed surfaces, one surface being in said first 
portion, the other surface being in said second portion, 
and adapted to hold a fiber under tension between the 
two opposed surfaces. 

[0011 J The fiber may have a feature thereon which 
has a change in behavior as a function of temperature 
due to changes in the index of refraction of the fiber 
which requires compensation. The feature in one em- 
bodiment is a fiber grating, such as a fiber Bragg grating. 
[001 2] According to another broad aspect, the inven- 
tion provides a fiber assembly having a first fiber portion 
with a first cover followed by a second fiber portion with- 
out a cover followed by a third fiber portion with a second 
cover, a first ferrule fixed at one end of the second fiber 
portion, and a second unfixed ferrule on the second fiber 
portion. This assembly is suitable for installation on the 
above-discussed fiber holder. 
[001 3J Another broad aspect provides a method of 
making a fiber assembly which begins with the provision 
of two fibers. A cover portion is removed from an end of 
each of the two fibers to expose two uncovered portion. 
Two ferrules are placed on the uncovered portions. The 
uncovered portions are fused together to produce the 
second fiber portion. Finally, one of the ferrules is fixed 
in place at one end of the second portion. 
[001 4] The use of ferrules provides a good grip on the 
fiber, and introduces no birefringence and/or polariza- 
tion dependent loss. 

[001 5] It is noted that this method is not limited to two 
materials. With two materials, the first order temperature 
effect of FBG can be eliminated. With more materials 
with different thermal coefficients, high order depend- 
ence can be compensated. 

[001 6] Another embodiment of the invention provides 
a stretchable optical transmission medium holder com- 
prising a first portion made of a first material having a 
positive coefficient of thermal expansion and a second 
portion made of a second material having a negative co- 
efficient of thermal expansion, the first and second por- 
tions being arranged to form an end-to-end arrange- 
ment such that a selected combined coefficient of ther- 
mal expansion for the stretchable optical transmission 
medium holder results. 

Brief Description of the Drawings 

[0017] Preferred embodiments of the invention will 
now be described with reference to the attached draw- 
ings in which: 

Figure 1 is a perspective view of a fiber holder pro- 
vided by an embodiment of the invention made up 
of two sections; 

Figure 2 shows the spliced fiber with a fiber grating 
assembly installed in the holder of Figure 1; 



Figures 3-6 depict a method of making the fiber 
grating assembly of Figure 2; and 

Figure 7 is a perspective view of a fiber holder pro- 
5 vided by another embodiment of the invention made 
up of three or more sections. 

Detailed Description of the Preferred Embodiments 

w [0018] Referring to Figure 1, an embodiment of the 
invention provides a fiber holder generally indicated by 
10 which can be used to perform temperature depend- 
ence compensation for optical features on a fiber being 
held by the holder. One example of such a feature is a 

is FBG (fiber Bragg grating). The holder 10 has two por- 
tions 11,12 arranged in an end-to-end configuration and 
held together, for example with epoxy. One portion 11 is 
made of a first material which has a positive coefficient 
of thermal expansion (fused quartz, BK7 glass, to name 

20 a few examples) and the other portion 12 is made of a 
second material which has a negative coefficient of ther- 
mal expansion (e.g. zirconium tungstate). The holder 1 0 
has a groove 1 4 formed in the top surface which extends 
lengthwise along the entire length of the top surface. 

25 The groove 14 is wide enough to accommodate a bare 
fiber (a portion of a fiber with cladding removed, for ex- 
ample slightly wider than 125 microns. Similarly, the 
groove 1 4 is deep enough to accommodate the bare fib- 
er, for example a few hundred microns deep. The groove 

30 1 4 is long enough to contain a feature on the fiber which 
requires temperature compensation, for example a few 
centimeters long. A fiber which is installed in the groove 
14 (as detailed by way of example below) has a refrac- 
tive index which is a function of temperature, and chang- 

35 es in temperature will change the refractive index, and 
in turn change the behaviour of features formed on/in 
the fiber. The holder 10, and more particularly the length 
of the groove 1 4 will be a function of temperature, the 
particular function being determined by the ratio of the 

40 lengths of the two portions 11,12 and by the coefficients 
of thermal expansion of the two portions 11,12. The ma- 
terials and lengths of the two portions 1 1 , 1 2 are select- 
ed to result in a desired combined coefficient of thermal 
expansion which will compensate for the effect due to 

45 change in the refractive index of the fiber upon the FBG. 
More particularly, changes in the index of refraction 
change the optical path length of the fiber. Changes in 
the optical path length due to index of refraction change 
are compensated for by changing the physical path 

so length. 

[001 9] Referring now to Figure 2, the holder 1 0 of Fig- 
ure 1 is shown with a fiber grating assembly 1 8 provided 
by another embodiment of the invention inserted into the 
groove 14. The fiber grating assembly 18 has two coat- 
55 ed fiber portions 20,21, and an uncoated fiber portion 
26 on which there is an optical feature such as a fiber 
gating 23, for example a fiber Bragg grating. There are 
two ferrules 24,25 at opposite ends of the uncoated por- 
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tion 26. The uncoated portion 26 is shown placed in the 
groove 14. By appropriately spacing the ferrules 24,25, 
an initial tension is applied to the uncoated fiber portion 
26. This may achieved for example by making the fiber 
grating assembly 18 with one of the ferrules (for exam- 
ple ferrule 24) fixed in place, and leaving the other fer- 
rule 25 free. Then, the required tension is applied, for 
example through the use of a tension gauge. The ten- 
sion is applied such that at the temperature at which the 
installation is being conducted, the appropriate stretch- 
ing of the fiber results which compensates for any 
change in the index of refraction in the fiber at that tem- 
perature. After appropriate tension is applied to the fiber 
grating assembly 18 and while still under tension, the 
second ferrule 25 is moved against the remaining end 
of the holder 10 and held in place, for example with 
epoxy. 

[0020] Preferably, the entire arrangement of Figure 2 
is contained in a package 30 which a external connector 
32,34 at opposite ends of the fiber grating assembly 1 8. 
Any suitable external connector type may be used. Al- 
ternatively, a package may be provided which simply 
has the fibers extending out of the package for splicing. 
The entire arrangement provides a self-contained tem- 
perature compensated device. 
[0021 ] Referring now to Figures 3-6, a method of mak- 
ing the fiber grating assembly 18 will be described. The 
method starts with two coated fibers 40,42. The coatings 
at one end of each of two fibers are stripped exposing 
a respective portion of bare fiber 44,46 in each fiber 
40,42 (see Figure 3). Next, as shown in Figure 4, fer- 
rules 24,25 are inserted into the fiber. One of the ferrules 
24 is fixed in place on the first fiber 40, for example by 
epoxy, and the other ferrule 25 is allowed to remain free 
to slide along the uncoated portion of the second fiber 
42. 

[0022] Next, as shown in Figure 5, the two ends of the 
exposed bare portions 44,46 of the two fibers are joined 
together, for example by fusion splice. After fusion (see 
Figure 5), the length of bare fiber 26 of Figure 1 results. 
The coated portion of the first fiber 40 becomes coated 
portion 20 of Figure 1 , and the coated portion of fiber 42 
becomes the coated portion 21 of Figure 1. The length 
of the exposed fiber portion 26 after fusion should nom- 
inally be similar to the length of the holder 1 0 of Figure 1 . 
[0023] Next, referring to Figure 6, a feature is formed, 
such as a fiber grating 23, such as an FBG written onto 
the fiber by any suitable method, standard otherwise. 
Alternatively, some other feature requiring temperature 
compensation may be provided. The arrangement of 
Figure 6 is ready to be installed in the holder 10 as de- 
scribed previously. 

Theory of the Invention 

[0024] The Bragg wavelength of a grating is given by 



X = 2 A n 



(1) 



w 



15 



20 



25 



35 



where X is the wavelength of light to be reflected, A is 
the period of the grating, and n is the effective refractive 
index of the fiber. The change of Bragg wavelength with 
temperature is then expressed by: 



6X On dA xOA dn 

aT =2n dT +2A dT 



(2) 



In order that there is no change in the Bragg wavelength 
with temperature (i.e. — = 0), the following condition 
should be satisfied to some degree: 



1 ^ 
A dT 



1 dn 
n dT 



(3) 



i.e. the period of the grating must satisfy Equation (3). 
This can be achieved if the fiber grating is attached to a 
holder such as described above, and the holder has the 
thermal expansion coefficient 



1 dn 
n dT 



(4) 



Even though it is feasible to custom design a material 
to this thermal expansion coefficient, according to the 
invention, at least two different materials are used - one 
30 with negative thermal expansion coefficient (T A ) less 
than - 1-2. and the other with positive thermal expansion 
coefficient (T B ). The lengths of portions 11,12, referred 
to as L1.L2 respectively are in the ratio of a:b = L1/ 
(L1+L2):L2/(L1+L2), such that 



aT A + bT B = 



1 dn 
n dT 



(5) 



then the total structure (L1 +L2) will have the thermal ex- 
40 pansion coefficient that will keep the Bragg wavelength 
of the FBG somewhat constant (at least to the first order 
of approximation) with temperature. 
[0025] In an example implementation, the negative 
thermal expansion material is 80% of the total length 
45 and is about 4 cm in length. The positive thermal expan- 
sion material is the remaining 20% of the length, about 
1 cm in length. Preferably, dimensions are accurate to 
about 1 mm. 

[0026] The described fiber holding arrangement (of 
50 Figure 6) can be used with a holder made of only one 
material. However, as indicated above, it is difficult to 
get the required expansion characteristics to match a 
given batch of fiber. 

[0027] In another embodiment of the invention, a 
55 holder is formed using more than two materials each 
having differing coefficients of thermal expansion. This 
allows higher order temperature dependencies to be 
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compensated. An example of this is shown in Figure 7 
where portions 70,71 ,72 and possibly additional por- 
tions are arranged lengthwise. Further, it is to be noted 
that a larger number of portions each made of only one 
of two materials may be used, but effectively all of the 
portions made of the same material are equivalent to a 
single portion having the a cumulative size equal to the 
sum of the pieces. 

[0028] In the illustrated example, the two portions 
11,12 form a cuboid arrangement. More generally, any 
arrangement of two portions which provides for an ad- 
ditive overall coefficient of thermal expansion is suitable. 
Preferably, the portions are arranged in a manner which 
results in a purely axial force (i.e. one which introduces 
no bending) on the fiber installed therein. 
[0029] In the illustrated example, a groove is used to 
hold the fiber in place. More generally any suitable 
mechanism for tieing the length of a portion of the fiber 
to a length of the holder or a portion of the holder may 
be employed. For example, epoxy may be used to glue 
the fiber to the ends of the holder. 
[0030] In the illustrated example, temperature com- 
pensation is being performed for a feature on a fiber, 
and more particularly for a fiber grating. 
[0031] In another embodiment, the arrangement of 
Figure 1 can be used to perform temperature compen- 
sation for optical transmission media other than fibers, 
for example waveguides assuming they are designed 
with sufficient longitudinal stretchability. 
[0032] Numerous modifications and variations of the 
present invention are possible in light of the above 
teachings. It is therefore to be understood that within the 
scope of the appended claims, the invention may be 
practised otherwise than as specifically described here- 
in. 



15 



20 



25 



30 



35 



ing a longitudinal groove in the end-to-end arrange- 
ment of the first and second portions for receiving 
a fiber wherein the holder has two opposed surfac- 
es, one surface being in said first portion, the other 
surface being in said second portion, and adapted 
to hold a fiber in the longitudinal groove under ten- 
sion between the two opposed surfaces. 

A fiber holding arrangement according to claim 1 
further comprising a longitudinal groove in the end- 
to-end arrangement of the first and second portions 
for receiving a fiber having a feature thereon which 
has a change in behaviour as a function of temper- 
ature due to changes in the index of refraction of 
the fiber, the length of the groove being at least as 
long as the feature. 

A fiber holder according to claim 4 wherein the fea- 
ture is selected from a group consisting of: 

a fiber grating; 

a fiber Bragg grating; 

a fiber Bragg grating having a Bragg wave- 
length given by 

X = 2 An 

where X is a wavelength of light to be reflected, 
A is the period of the grating, and n is an effec- 
tive refractive index of the fiber, the holder hav- 
ing a collective coefficient of thermal expansiv- 
ity given by: 



Claims 



1 dn 
n dT 



1. A fiber holder comprising a first portion made of a 
first material having a positive coefficient of thermal 
expansion and a second portion made of a second 
material having a negative coefficient of thermal ex- 
pansion, the first and second portions being ar- 
ranged to form an end-to-end arrangement such 
that a selected combined coefficient of thermal ex- 
pansion for the fiber holder results, the fiber holder 
being adapted to cause a change in a length of fiber 
as a function of temperature which compensates for 
a change in index of refraction of the length of fiber 
as a function of temperature. 



40 



45 



50 



satisfied by having lengths of the two compo- 
nents satisfied by defining their lengths L1.L2 
such that the ratio a:b, L1/(L1+L2):L2/(L1+L2). 
satisfies 



aT A + bT B = - - 3? 
A B n dT 



where T A is the thermal expansion coefficient 
of the portion of length L2, and T B is the thermal 
expansion coefficient of the portion with length 
L2. 



2. A fiber holder according to claim 1 further compris- 
ing means for imposing a change in a length of fiber 
as a function of a change in length of the fiber holder 
by applying a strictly axial force to the length of fiber. 

3. A fiber holder according to claim 1 further compris- 



6. A fiber holder according to claim 2 wherein the first 
portion has a first length, and the second portion 
55 has a second length, and the first and second 
lengths are selected to compensate for the feature's 
change in behaviour or to customize a temperature 
response of the feature. 
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7. An arrangement comprising a fiber holder accord- 
ing to claim 1 in combination with a fiber assembly 
comprising a first fiber portion with a first cover fol- 
lowed by a second fiber portion without a cover fol- 
lowed by a third fiber portion with a second cover, 5 
a first ferrule fixed at one end of the second fiber 
portion, and a second unfixed ferrule on the second 
fiber portion. 

8. An arrangement according to claim 7 wherein the 10 
fiber holder has a longitudinal groove in the end-to- 
end arrangement of the first and second holder por- 
tions for receiving the first fiber portion; and 

the second unfixed ferrule, when fixed holds 
the first fiber portion under tension within the longi- 15 
tudinal groove. 

9. An arrangement according to claim 8 wherein the 
second fiber portion has a feature thereon which 
has a change in behaviour as a function of temper- 20 
ature due to changes in the index of refraction, the 
length of the groove being at least as long as the 
feature. 

10. An arrangement according to claim 7 further com- 25 
prising an external housing containing the fiber as- 
sembly and the fiber holder. 
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